The present article gives a detailed analysis of a little known phenomenological structural formula of the Solar system proposed by Kirill Butusov. It is demonstrated that this structural law may also exist in an extra-solar system -55 Cancri.
All attempts to fix these problems of the TBL failed -replacing a power law by an exponential one did not help as it was impossible to combine all observed planetary distances within one formula: the authors of exponential formulae had either to introduce new planets [usually between Ceres and Jupiter and between Saturn and Uranus (Badolati 1982)] or to exclude some existing ones [usually Mercury and Pluto Poveda & Lara (2008) ]. Dynamical and quantum explanations of this law were not recognized by the scholarly community either.
However, in 1973 Kirill Butusov, an astronomer from the Soviet Union, proposed a new structural law (Butusov 1973) . This law is almost unknown outside Russia as all publications dedicated to it are in Russian. Nevertheless, this law is very interesting and this article is completely dedicated to it.
B U T U S OV ' S L AW
According to this law (I will call it Butusov's law), the product of semi-major axes of planets that are symmetrical related to Jupiter (i.e. Ceres and Saturn, Mars and Uranus etc.) is equal to the square of the semi-major axis of Jupiter. It means that the distribution of the planetary distances in the Solar system may be described by the following formula:
where a 6 is Jupiter's semi-major axis in au, i ∈ {0, 1, 2, 3, 4, 5}, 6 ± i is the number of a planet counting from the Sun, and a 6±i E-mail: ivan.kotliarov@gmail.com represents the semi-major axis of the (6 ± i)th planet (counting from the Sun) in au. For example, if i = 2, then
Butusov's law simply says that there is a Jovian symmetry of planetary distances in the Solar system. Butusov's results are summed up in Table 1 . In Table 1 ,
× 100 per cent.
Indeed, Butusov's law is not absolutely precise -but the differences between the distances calculated on its basis and the observed ones do not exceed 8 per cent, which is substantially better than the results provided by the TBL.
Interestingly enough, Butusov's law is also valid for Eris which was discovered long after Butusov published his paper. But, as one can easily see, this 'prediction' of Eris is the last possible prediction on the basis of Butusov's law -according to this law, only 11 planets may exist in the Solar system (of course, if we admit that Mercury is indeed the first planet; if astronomers happen to discover remnants of Vulcan then the situation will become completely different).
Butusov's law -like the TBL -is purely phenomenological, that is, it has no recognized theoretical basis. Nevertheless, it is correct for all celestial bodies that are recognized as planets and dwarf planets by the International Astronomical Union (see Table 1 ).
Butusov tried in his later works to provide such a basis, but his results were not accepted by the scholarly community as they were based on non-traditional approaches towards the Solar system.
A more traditional hypothesis would be that Jupiter as the most massive planet determines the precise structure of the Solar system -while the Sun is responsible for the formation of this system. However, this hypothesis -if Butusov's law is applicable not only to our system but also to extra-solar ones -should be rejected, which will be shown in Section 3 of the present paper.
The general form of Butusov's law would be:
where r is the distance of the planet from the star in au, Z is the number of the planet that is the centre of symmetry in the given planetary system, and k ∈ {1, 2, . . . , Z − 1}. Another form is:
j ∈ {0, 1, 2, . . ., Z − 1}.
R E A L A N D P R E D I C T E D D I S TA N C E S I N 5 5 C A N C R I
In their article, Poveda & Lara (2008) predicted the existence of two not yet discovered planets in 55 Cancri (with orbital numbers 5 and 7 counting from the central star, total number of planets = 7). This prediction is based on an exponential form of the TBL proposed by Poveda & Lara (2008):
where n is the orbital number of the planet (counting from the central star), and r n is the orbital distance of the nth planet in au. The comparison of observed and calculated distances is given in Table 2 . Orbital distances for hypothetical planets predicted by Poveda & Lara's equation (5) are given in italics.
As we can see, D is high for n = 2 and 3, which may be indicative of a problem with the Poveda & Lara version of the TBL for 55 Cancri.
Let us suppose that their hypothesis is correct and that there are indeed two planets in 55 Cancri that still are to be discovered. The fifth planet known to us is therefore actually the sixth. Let us then suppose that Butusov's law is also valid for 55 Cancri. As the total number of planets is supposed to be equal to seven, then the parameter Z (equations 2 and 3) is equal to 4. The results of calculations are summed up in Table 3 . We can therefore try to predict possible planetary distances for the hypothetical planets 5 and 7: These distances differ from those predicted by Poveda & Lara (2.08 and 15.3, respectively), and only real observations will enable us to choose between these results.
C O N C L U S I O N
Butusov's law may seem to be just a number game, but if it is confirmed not only for the Solar system but also for other planetary systems, it will clearly show that we are far from an understanding of the mechanisms that are responsible for the formation of these systems and that an investigation in order to find a dynamical basis of this phenomenological law is necessary.
The hypothesis that the most massive planet is responsible for the precise structure of the planetary system -which we adopted above -could not be accepted as in 55 Cancri the centre of symmetry (planet 4) is not the most massive one. So we have to find an alternative explanation.
In addition, of course, it is extremely important to find out if there are any planets in 55 Cancri that correspond to orbital numbers 5 and 7. It is also important to carry out our Titius-Bode and Butusov calculations for other extra-solar planetary systems.
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